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FeCb • 6H2O 


CoQ 2 - 6H20 


NiCb - 6H2O 


ZnCfc 



(0< Y '<05.20<n<3.0) 



-SI 



N a OH 
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-S2 



-S3 



( 24Bf Hg££C 50) -~S4 



mm 



On 



g£ (B0lCri2^) 



*S5 



-S6 



o 



S1...MIX (0 < y <05 , Z0< n <a0) 
S2...COPRECIPITATE ( pH= 127- 133 ) 
S3...BOIL (2 HR AT 100°C) 

S4...WASH WITH WATER (5 TIMES AT INTERVALS OF 24 HR) 
S5... FILTER 

S6...DRY (12 HR AT 80°C) 



(57) Abstract: A magnetic material that while 
maintaining a high coercive force, has a low content 
of superparamagnetic powder and exhibits excellent 
magnetic properties upon use in a recording medium. 
In particular, a spinel type ferri magnetic powder whose 
composition at charging is expressed by the formula 
(CoO) 0 ^ x (NiO)oj. y (MO) x+y .n>a(Fe 2 03) in which M 
represents a bivalent metal excluding Co and Ni; the value 
of n = Fe/(Co + Ni + Zn) (molar ratio) is greater than the 
stoichiometric quantity of spine] type ferrite (n = 2) but 
less than 1.5 times the stoichiometric quantity and satisfies 
the relationship 0 < n < 3.0; and the values of x and y 
satisfy the relationships 0 ^x< 0.5, 0 ^ y < 0.5 and 0 < 
x + y < 0.5. The content of superparamagnetic powder in 
the spinel type ferrimagnetic powder is 5 mass% or less. 
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±Tii§ttom&n4^Tfe5o tta*i*©iajasc*« (coo) 0 . 5 _ 

x (N i O) 0> 5 _ y (MO) x + y • n/2 ( F e 2 O 3 ) (Mtt, Co&tfN i 
2«©£JS) 7?«sn, n = Fe/ (Co+Ni+Zn) (^E;H£ 
) XK*;«l7i7>fMOfll*»I (n = 2) iD**<ft*I 

frail©!. 5MiT$5 2. 0<n<3. x, y©M*^ 0^ 

x<0. 5, 0^y<0. 5, 0<x + y<0. 5, &ffi1tTXV*)VMy 
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m m m 

TV* 5. fit, 7k^;H7x7^htbt, a^r®^ (M, Fe) a O 
4 (M=F e (H) , Co, N i , Mn, A l , Cu, Z n&£) *t#A6n 

20 %M&ttm<Dffim.<&&<Dfa±%m2>'<<. _hia7j^(-ckOCo-N i 7x7 
^tT, ££3fc^£frfc>nT^fcC o-N i mx¥*)V7 x^-f hfe7xU 

^4£#T&3a*, A*;i/^7#, j*jft©t> ©t& o, 

-mX'h 2 3 9 [kA/m] (3 0 0 0 [Oe]) tlfct, £(Di&'f4*m£ 
25 fflVifcsa®i«fr©$e^:5iSaH®eapft:&05 2:t^SjlTa&5. -TftfrS 
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2 

5 h^7A;H M7x7-f h (Ml7i7-fh) t. IT, MffBa7i7 
-f hOW^feffiArtfrtenT^S^ ?MW3 0 [nm] -4 0 [n 

m] ©itt^^st^ ^ t^Tts fecD®, ^(Dumtiit±mmm.izm 

. Htfe2 3 9 [kA/m] (3 0 0 0 [O e ] ) izmTcT. &mt lt«I 

fcco-N i^7s\±^)vmy^^ b<Dmm^it\zm-tz>m$tf)mt>nT^ 
is ^ 0 mufi. &Tiz7jk-t4mffXffi2iz^:£nT^z> 0 zco^m^xwi 

m±ZmZ'<<. C b'CD— SK£N i tflLTC otN i 

KlitK &M?jHc J ©WVi«tt#»^ai«bTVi$. 4$fc. Fe/ (Co 

+Ni) ofit^v $>z>mw<Dmz-r%z.tL\z&r> > it^umtKom^m^. 
t&2&, rc o ^ac^-r hitmic&tt^N i (Dmmmi , mmRzx 

mm%i£, ¥fifel2^2^25B, I47t, ^2f, p. 171-174 
25 E Yamamoto, Y. Nissato, "Magnetic Properties of Co-Ni Spinel Ferrite 
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Fine Particles With High Coercivity Prepared by the Chemical 
Co-precipitation Method, " IEEE Transaction on Magnetics, vol. 38. No. 5, 
PP3488-3492. SEPTEMBER 2002 

±mVTzC o-N i iXh^JH7i7^ htit i&Tg 

5 (DumitRzsi^—it^mn-r. z\(Dt^mmm.^-\z^n^wmti%^—tL 

10 t:iif-yi:fit§i> ^^nxmm^miz$>^mmx^ mm^- 

mute, mfzv&^mm^-^vMfcvtmAzjfoVT. mmmnmam^x-u 
ftikMizmfzffi&ffi&mmmmmmz&m'rz m mmm'&mofe 

25 OO, M^l«f&©^«^{g^ ^I3^^#:ic$fji75:^##4^fl#^ 
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5 it^mom^ifl (C oO) o. 5 _ x (NiO) o. 5 _ y (MO) x + y *n/2 
(Fe 2 0 3 ) (Mtt, C o&tfN i £B§K, 2#<D^JS) Tig^n, n = F 
e/ (Co+Ni+Zn) (=E)VVc) (Dfeifi, Xk°^H7x7-f hOD<fb# 
-Mis* (n = 2) =fc 0 < it^mmmo) 1 . 5femm-C&Z>2. 0<n< 
3. OTfeO^ ±fBx, y©{fi^\ 0^x<0. 5, 0^y<0. 5, 0< 

io x + y <o. 5, &mfrT7s¥*)vmy^vm&mx'&z>. ^lt, 

5. 2{ffiGD«fejST-&3±f2M«, Zn, Mn#s$?£LV>„ 

fit, ±fBn©ft#, 2. 2<n<2. JtfBx, yCDffi^ 

0^x<0. 2, 0^y<0. 2, 0. 01<x + y<0. 2, &ffifcV. 

3 9 — 6 3 7 [kA/m] , ^0»*5 0. 3X10" 6 ~8 8. 0X10" 
6 [Wb -m/kg] , "Cfe5Jlt3&*«fti8F*bVi. 

20 ztM<D7kT$m&&mm.& : tn : en<sts&7i<Lmwi&, x, y , n 

m*m%-, pum*. 12. o^ph^h. o izm&isT&tbW'$mm%: 

25 »C«fcoT«jfi$nfc ! b0T*Si:M*L/V>. Jbf55&tt^«£ 
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»5is^ phmu. o<ph<i3. 7 izmmvxmm^vum^ 
mz^.mvrct^iz^mvrzLmmum^mmx^^ 0 mz, mmznfcvtm 

10 " 

sii mu. *mmz&tf%7,¥*)i>m7^vM\in(D±f&xm&^-r7u 

fg2Eiteu IIJIMl75S3^43tt-5Co-N i -Zn^7WS7i'J 

cd ± # © - n £ ^-r 0 T & & o 
is i3Pt m2mz7FLrcm®En<Dmm t <&®i<D— m&^-tmx&Zo 

B5ia«, simmi \z^n^>^m^(Dm z f-m.wmT i Eu^.M(Dmxh 

3o 

iftKlte, jfifiKS; (C oO) o. 5 (N i O) o. 45 (Z nO) 0 . 05 • n/2 (F 
e 2 0 3 ) ^Jtn = Fe/ (Co+Ni+Zn) CDlB£2. 0^n^3 

25 •So 

25 HJBM4WSiLfe«l8;^-h©h;W^ft»§^-rBI*tf*S. 
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6 

m 8 mt. mmm 4 xw-m b tcmm, h <D^mmzM-r % mm t t; t- 

^9itt ^JSM4Tf^Kbfeam~>-h (Co-N i -Zn^Xtf^;P 
7i7<h) f5fe©Co-Ni^t°^^7x7'f htObXrUy^ 
5 ^-y^/TtitabS. 

mi 0 0(1 7 \z3$tfZ>C o —N i -Mn b°^;i/M^oi Ui&<!£ 

mil mfe, ^I«!l7 M^tt-SC o-N i -Mnl7k°^;Vi7 :nU}&'|£ 

10 fgl2IHte:, IM7i:^^5Co-N i -Mn,^ Wi7xUlt 

15 i^tlLTPJt^. tt&&m<DW.f& : &tf (CoO) o. 5 _ x ( 

N i O) o. 5 _ y (MO) x + y • n/2 (Fe 2 0 3 ) (MS, Co&lKN i £ 

t©iIt*§M*iZ nT^-S^^M^bTI^BJ-r^o 7^*5, M^2#© 
(M*Jf, Mn, Mgfc,*:) Xfozm^h, £TF©l£0J£|ig 

I^T©^T©^|»J (M^Zn, Mn, M g }:t* 

0£#fiLT> 2Mg§g-tr£<5C o-N i -Z nf Xk^M7iUi'W© 
25 4^SSK5!t*. ^Mit7n-ft-hTS5. 
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ffi (CoO) o. 5 _ s (NiO) o. 5 _ y (ZnO) x + y • n/2 (Fe 2 0 3 ) 
t$oT, n = Fe/ (Co+Ni+Zn) (^E;l/J£) CD<i7^\ 2. 0<n 
<3. 0-e^-g> o CWi ^-^^^717^ MD^tai (n = 2) «t 
5 9*^<<ft;^Sf&g© 1 . S^iTcbSJlt^tTl^. £7c, ±ffix 
, yC9ffi/^\ 0^x<0. 5, 0^y<0. 5, 0<x + y<0. 5, &m 
fcf mm?Z>£. »JfC^^Co-NilXW7x7 
-f ha^fifcCD?^ Co (CoO) XttNi (NiO) (D— g&> 
Co (CoO) tNi (NiO) t^ti^fr— SB£2ti5©£«-e&£Z n 
10 (ZnO) Tfi&b&fc<0T&S. ^sajJttSCtfciO, jgffrfiBtt 
5 SC*%£TF£ H -5 «fc 5 tcft&tt < 75: D . Sgs^iSan?^— D 

15 tttUTtt, FeC 1 3 • 6H 2 0 CSSfcziftATjcfi (1) ) , CoC 1 2 • 6 
H 2 0 (ttfcn/WhA** (2) ) , N i C 1 2 • 6H 2 0 ir)Vs\ 

?m (3) ) , znc i 2 mitmto u> ) ®R?Ett&&jav>s 0 * 

itl^K:7;i/*U7KS^*fflViS3&«, NaOH (7jc®Hb+ MJ-7A ( 5 ) ) CD 

20 isjtsn* v>. 

-T3 Ufy^S 1') . 3=fc, Fet (Co+Ni+Zn) £ 
CD ; E;i/itl:&£n = F e/ (C o +N i + Z n) <Dm&, 2. 0<n<3. 

25 ^Ttc^-rn«ji73jS4-e«, ±mmm^(Do%. x<Dm*x 
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= 0 izmmisT, N i 0<Dfr&Z nOICtit^e: £ «hbTV>-5fca£K ^<D 
B&fitt Tyj fcT«i*r*. fUT, yODfif£, 0<y<0. 5 fcKJTT* 
o HiS^I5-e«, y GD{ji£y= 0f£@^U C o 0<£>— Z n 

n£>ffi£> 2. 0<n<3. 0 fcfSSbT.HSSftte:, ^TOiiO 
£?\ n>2. 0©jjajjgttltt^6ja6S7aiU»ttta[^-e**^ 
n>3. {XDttJSTttF e^^ii^J^^D^fb^^SbTb^^o 
10 „ ri=2. 0©ifij£te2ffi3&>BJ5fcSrai4&^£fc£. n<2. 0 CD 

F e W5Co £N i ©JgjftlT? 2ffi^JR-f ^->**iSf!lT* OSffi 

#te*^b*rsfc«>, 2. o<n<3. o ctsts^^T, m^mffifr 

15 <S2. 2<n<2. 8 ^fcTJ; 5 , n ©«£ffl!5rr* t J: V> 0 

M^T (Xry^Sl^T) , g^zfcigafc£.i:<flt#bfc:#£, St 
^-a-TK^^^TJl/^ U T^mifc 5 £in*_, pHiS12. O^pH^l 4. 0 

fcWKbTtttttt£#a:£ii\ *«:*$3fir»*#«L Ufyys2) . hod 

pmt£13. 0<pH<13. 7 K^IRJtUTftttSff 3 t «k 

20 V^o 

JBl^T, ftK*&©£i;fcig^zfcJS»i ttfcJKX^'J— ) 100tT2^ 
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3i&^£fIi&«£/BV*T8 0*CT1 2ft|KM£Jfcl, Uf^^SB 
- K£JSV*T/»£ 1 5 Mm©PET7^;i/A±l:^- bfcit^iC, 0 

io um<DMm t &mzmmm.mmtim (vsm) tsj^u ^©Mii^jtttx 
mtmmmm^mum (tem) laotiit^. mmis—bmomm. 

Uvv^St^: (Wr/Ms) (C^^T^-T^o 

is ^TcD^mmmxit, ±m.vr^m.mzx, zno©tiix + y, ^nt 

2\Z, llttt©!^^, 0 3 9 IztfTo M^MntLfc 

£^(D^m#f££Hl 0 75MIH1 
20 (^»J1) 

mn&mm.£isT. ms-u^t^ mt^/^jvb^m.. mt— 
\zmm\sT. 

(1-1) :0. 25 [m o 1/1] ©Fe 3+ 7k2gi&£2 0 0 [ml], 
25 0. 10 [mol/1] ©Co 2+ **g$E£ 100 [ml], 0. 10 [mo 
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1 / 1 ] ONi 2+ 7fc^f££ 100 [ml], 

(1-2) :0. 2 5 [mo 1/1] ©Fe 3+ zkig$t£2 0 0 [ml], 
0. 10 [mol/1] ©Co 2+ 7k}gf££l 00 [mil, 0. 10 [mo 
1/1] ONi 2+ 7k.mm%9 0 [ml], 0. 10 [mo 1/1] (DZn 2 + 
5 10 [ml], 

(1-3) : 0. 2 5 [mo 1 / 1 ] ©Fe 8+ *flMfc£ 2 0 0 [ml], 
0. 10 [mol/1] ©C o 2+ 7ki£?&£ 100 [ml] , 0.10 [mo 
1 / 1 ] ON i 2+ tK^*4 0 [ml], 0. 10 [mol/1] ©Zn 2 + 
7kmm& 6 0 [m 1 ] , 

fcWl h^OfiHttt'-^-I^AUT, (1-1) , (1-2) 
, (1-3) mz. n (=Fe/(Co+Ni+Zn) ) =2. 2 5 (D^-gr 
J§SK4 0 0 [ml] ttm&lsfro 

^r(DW:, m&m&hfctfBs mzmnv*imm&3 [moi/n o^tt 

15 V— ^***2 0 075M5 0 0 [ml] ^SAUT, 

+»KJS£<fcD, -£n^n6 0 0 75M9 0 0 [ml] ©it^'J-^lS 
bfeo £©<hi*, pH= 1 3. OT^ttSff ofc. 

;:oa:jS^7U-* i o otofiit'i 2 o^raanaftbT, &JS2g 
#&nfcn-fei&*tt, m/&5£ (coo) 0 . 5 (nio) 0 . 5 _ y (zno) y 

• n/2 (F e 2 O s ) tSot, 
25 (1-1) : n = 2 . 5, y = 0 
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(1-2) : n = 2 . 5, y = 0. 0 5 

(1-3) : n= 2. 5, y=0. 3 - • - 

5 o 75:43. |4iC, _t|2 (1-2) <DmmzT£f&vr£%L^-<Dxmmffi^?- 

>&^~?o t<D^mm\rMmmm^mmm (tem) iz^vmrnh 

mZtt&ftT*&Z>¥i%%L^mmS 8 [nm] O^^MtfT 

10 

^-n^no^ico^T. mmm.nmmt!m (vsm) ^m^tes 

^S'JS^ffofc^, (1-2) <D$kft (n = 2. 5, y = 0. 0 5 

) Tr&tfrfSimZTikV. Wftas^6 2. 0X1 0" 6 [Wb-m/kg] 
, m^mto r d«3 6. 6 X 1 0" 6 [Wb • m/k g] . §l*Hc J ^3 
15 7 2 [kA/m] cD^iiT-eab^XH^;i'M7^Uatt^- : ?T:$.ofeo 
£7c, ^#£bT, Z nO«gl«T&&y<ZMiI£, 0<y<0. 5 

20 5I3t2 3 9 — 6 3 7 [kA/m] (3 0 0 0-8 0 0 0 

[Oe] ) fe%:&ymm-2nT^2>B a7i7-f hTO^Cit^ 

1. 6f^±©{|^ff§ «£&&^CTI89Ib7c£-5t;i, Ba7x7-f h 
©§I*Hc JH i^Tfc2 3 9 [kA/m] ) a t&ftTObasfc 
, iI3t5 0. 3X10' 6 ~88. 0 X 1 0" 6 [Wb - m/kg] (4 0 75S 

25 7 0 [emu/g] ) t£5fc<2t>©£Dt>i#SV:>o 
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4^^, mmmM^—yizm ^z>z.£l \ztfrmT*&z> . mssx&mtT— 
y , (Dm®-£tiTmmvim\z&%mmT*iz. &-r&m-tnfim— -vizir* tern* 

\z&\izm&ft&tti>fcm2g.tRmmm&. mz, mmm^-^x^t. ± 
15 is^jtr^^ £a*pjBrca&£o jaTfctB^Ts^jSMfcTasigb 

TizmaATz&mffimzrMT&vfcm&mzT, ±mmm\z, ^>\^m^m 

25 (HJtM 2 ) 
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5 (2-1) : 0. 2 [mo 1/1] OFe 3+ 7K^2 0 0 [ml], 0 
. 1 [mol/1] ©Co 2+ 7Ki§*££ 100 [ml], 0. 1 [mol/1 
] CON i 2+ 7kmm& 9 0 [ml], 0. 1 [mol/1] (DZ n 2+ 7k^£ 
10 [ml] , 

(2-2) : 0. 2 2 5 [mo 1/1] <DF e 3+ 7kmm&2 0 0 [ml] 
10 , 0. 1 [mo 1 / 1 ] (DC o 2+ 7kmm& 1 0 0 [ml], 0. 1 [mol 
/ 1] ONi 2+ 7jc*§?&£9 0 [ml] , 0. 1 [mol/1] <DZn 2+ ?Km 
m& 10 [ml], 

(2-3) : 0. 25 [mol/1] ©Fe 3+ 7K2£i££2 0 0 [m 1 ] , 
0. 1 [mol/1] CDC-o 2+ 7K*** 100 [ml], 0. 1 [mol/ 
15 1] ©Ni 2+ tK*&?££9 0 [ml], 0. 1 [mo 1 / 1 ] (DZ n 2+ 7^mm 
S10 [ml], 

(2 -4) : 0. 2 7 5 [mol/1] ©Fe 3+ 7fO»£2 0 0 [ml] 
, 0. 1 [mo 1/1] ©C o 2+ 7jc*il££ 1 0 0 [ml] , 0. 1 [mo 1 
/l] <DN i 2+ zRJSSfc£9 0 [ml] ; 0. 1 [mol/1] ©Zn 2+ 7jc^ 
20 m& 1 0 [m 1 ] , 

(2-5) : 0. 3 [mol/1] <E> F e 3+ 7kig?&£ 2 0 0 [ml] , 0 
. 1 [mo 1 / 1 ] (DC o 2+ zki£?&£ 10 0 [ml], 0. 1 [mo 1 / 1 
] CON i 2+ zRJ8i££ 9 0 [ml], 0. 1 [mo 1 / 1 ] <DZ n 2+ 7M§?££ 
10 [ml], 

25 ^^nfniiLfc, zn*>7kmwt%:m^T, vh*-? tummzmiBv 
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fc«8W*l U v hJUDM&MM-X-lzmxVT. (2-1) :n(=Fe 
/ (Co+Ni+Zn) ) =2. 0, (2-2) :n (=Fe/(Co+N 
i+Zn) ) =2. 25, (2-3) :n (=Fe/ (Co+Ni+Zn) 
)=2. 5. (2-4) :n (=Fe/ (Co+Ni+Zn) ) =2. 75 
5 , (2-5) :n (=Fe/ (Co+Ni+Zn) ) =3. 0, (Dfg&mWl 
4 0 0 [ml] £p£-bfco 

mwm&isUftz. wuzmmvt£fem&3 [moi/n ©urn 

V-^*Jg*2 0 0M5O0 [ml] SfiA.l/T,. &JR*£S^zKS£»h&> S 
**HEJfcfcJ:tK 0 0 75S9 0 0 [ml] ©SfcK* ^ U-££j£ 

10 bfco pH=13. 0-e*35t*ff o^io 

c ©ttigT, ^ u-£ i o otoiiT i 2 o^pgjjnSftbT, ^JSZg 

ya>ST2 4B#p B 1ffJd5lEl7Kt5feV^ffofem, 2 ^5lT*5 ii UTIfilJRb 

15 LTlfite^ifc. 

f6nfclM*tt, £iJ&5£ (CoO) o.s (N i O) o. 5 _ y (ZnO) y 
• n/2 (Fe 2 0 3 ) Tfeot, 

(2-1) :n = 2. 0, y=0. 05 
(2-2) :n = 2. 25, y = 0. 05 
20 (2-3) : n = 2. 5, y=0. 05 
(2-4) :n = 2. 75, y=0. 05 
(2-5) :n = 3. 0, y = 0. 05 

25 £*;w&i&©jgiM8jre&ofc. *<D&¥Mm\zmmmn¥m&m ( 
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tem) ic:«t Diibfc^ ±fe®4k:^c-rt>©£|siiiMc, 

fn^tl©tft:o^T, Sl&^M^^th (VSM) %ffi^T8 

5 O) o. 5 (N i O) o. 5 _ y (ZnO) y • n/2 (Fe 2 O s ) 5&fcfcB#©p 
H=13. 0, ZnOfIiT*^yOl^y = 0. 0 5K:H£bT, 
itn = F e/ (C o+N i +Z n) (£>{it£, 2. 0 ^ n ^ 3 . 0 ^-fb£l± 

10 -tZh. ^E;Htn = Fe/ (Co+Ni+Zn) ©M^JO"^ H3>nt 
, S&MHbas, SMkarHHViffi^iJfLoo, TOHc J teJgJn 
TSC^fofr^o fit, (2-3) <D3kft (n = 2. 5. y = 0 

. 0 5) Tr&^f&ftt^U ^fni&fb a s ifi6 2 . 0X10" 6 [Wb-m/ 
k g] , mmmiha r#*3 6. 6 X 1 0- 6 [Wb • m/k g] , ftl^Hc 

15 J^3 7 2 [ k A/m] O^ffitf T ^ l> X JH 7 x U Ittf T 

zztzmmisfro mz, n cDM^2. 2<n<2. som&izit, m.^m 

20 mzm\zmi>^z.t7:, ^^btifk^ n^ittt^-cs o , ±^b7tj; 
o\z, m.m.ummmmzifrmre&z. 

(mmm 3 ) 

£t\ g'^ltttT, 4£fcU*A7fcak ^bHAVVhANTlc^ ift^b— y 
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mmvx. 

RTJC^T (3-1), (3-2), (3-3) 0. 2 5 [mo 1 

/ 1 ] (DF e 3+ zRigi££2 0 0 [ml], 0. 1 [mo 1 / 1 ] OCo 2+ tK 
5 100 [ml], 0. 1 [mol/1] <£>N i 2+ 7K^?r 9 0 [m 1 

] , 0. 1 [mo 1 / I] OZ n 2+ 7K^<£ 10 [ml], 

'J7 hiKOiittt-^J-tSALT^ n (=Fe/ (Co+N 
i+Zn) ) =2. 5, ©1^4 0 0 [ml] &m&Vtio 

io «#jg-&b^s, mtzmMvtzmmnfi.s Cmoi/n ©im 

V-^*J»tt2 0 072rM5 0 0 [ml] ^SAbT, &JlU£*B^7Kig8cJ&> S 
■fftJ^JStCckO, ^-tl^n 6 0 0 73;M 9 0 0 [ml] ©SStR^^U— 

(3 - 1 ) : pH= 1 2. 7 
15 (3 - 2) : pH= 13. 0 

(3-3) : pH= 13. 3 

:k\z, c©«:jr^9U— * i o o*c<oaft-ci 2 o^rasni&UT, 

20 fee ^5ia«»ttiafi»SrfflViT8 Otfl 2i^Mttjftb, ft*«S?L#?»» 

^6tlfcHfit&*tt. (CoO) o.s (NiO) o. 5 _ y (ZnO) y 

• n/2 (Fe 2 O a ) T$oT, "T^T^, n = 2. 5, y = 0. 0'5t* 

25 fit, xm^mmM^Wz, ±.m4\z^t bvtmmz, ^n^nx 
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tem) k:«kD«*bfe«*, ±120 5 iZTF^tibCDtmmiz, mtttmtt. 

^-n-eno^fcoviT, Mm^s^tf (vsm) &m>Tfr 
5 ■=> tzm§5.Mmm5k<D -as & «t fc^-r £ , 

(3-2) :Mftos)5i6 2. 0X10" 6 [Wb-m/kg] , 
Ma r^3 6 . 6 X 1 0" 6 [Wb ♦ m/k g] , WHc J^'3 7 2. 
6 [kA/m] > 

(3-3) : flSftfiKfta s#6 2. 8X10" 6 [Wb-m/kg] 
10 mfcorifiSl. 0X10" 6 [Wb -m/kg] , §l*HcJ^3 7 2. 
9 [kA/m] , 

T&D, mz, pHW, pH=13. 0, pH=13. 3 tt^Ufet 
(HM0II4) 

hfcffiVv^^©MfiJ&«, fflJ$5£ (CoO) o.s (N i O) 0 . 45 
(ZnO) e.05 - 1. 2 5 (F e 2 0 3 ) Tr&D (n = 2. 5> y=0. 05 
) , PitZmODHmte. pH=13. 0Tfe§. «B^#ttte. 
•ft a s -ffi 6 2 . 0 X 1 0 ■-• [Wb • m/ kg], 3S®«ft ar^36. 6 X 
20 10" 6 [Wb-m/kg] v TOHc J#3 7 2. 6 [kA/m] > tfe 

(&#i> «t»^a^«tt(DSSJt mmft <sm+mm »2 5wt 

25 TO : 1 
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mm (aw >y-) tmmvm&mwi : 4 

#7*fc:-X (ffi^JO. 3 mm) : 8 

(^#2) mmtmmom^mmomma. 

5 s\9w\*r-gr> : 6. 2 1 
h;i/X> : 6. 2 1 
MEK : 2. 5 9 

G&#3) ^tgt : S p e xti5W-5Jl/ (Mod el 8 0 0 0- 
D) 

io (^#4) frmmm •. 8 mm 

5>—~JV— K£fflV>T)J£ 1 5 /zm©P ET:7^;i/A±S£i§— fc 
mi5B.mz, 0. 8 MA/ m (lOkOe) ©a#4 3 TriBrR]$-&, gilt 

15 -?"bT, ^m#ft©fFf&&«, ^TOiiOT&^o 

(fHififel) &fcAig&ft, ±i£UfcVSM£MV>T8!lJ£Ufc. 
(M&2) aaM^ttfejRKxR^KjJi," Torque magneto 
meter ^fflTOJfl/^To r q u effliS7-'JXilrU TIB^iC 

20 L = - (K 1 /4+K 2 /64) s i n 2 0- (3K 1 /8+K 2 /l 6) s i 
n 4 0 + (3K 2 /6 4) s i n 6 0 

##Xltt : jfiA»#, ffi, r^a^#:©^31 (T) J , Bgfn5 9^ 

, 121, p. 13 

25 • (4-B3)lIIMWHalt Torque magnetomet 
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: I. S. Jacobs and F. E. . Luborsky, J. Appl. Phys. , vol. 28. pp467- 
. 473, 1957, D. M. Paige. S. R. Hoon. B. K. Tanner and KO" Grady. IEEE 
5 Trans. Magen. . vol20, ppl852-1854, 1984. 

mWlTZo EI7te, 2. 1 5 [MA/m] <Dm%-$>xmmisfc±.m&X tf^ 

m 7 \Z7jkT£?\Z, 3 0 OKlZ&tfZKiX.ZfiKzOmtt, K x = + 6, 7X 
10 10 4 J/cm 3 , K 2 = -16. 8X10 4 J./cm 3 T'^fc, 09 

; ^ttllfHaft £tJ2. 8 [MA/m] 7^#£*l> ^^Tfe^Xtf^ 
15 Wr^t^:^, 

£7c, nmcte, ±isafie©»i^(Dfc:x^u ->7,;w-^^^-r 0 z\<Dm 

fc*5V>T, (1) TO (CoO) 0 . 5 (N i O) 0 . 45 (ZnO) 0 . os 
•1. 2 5 (Fe 2 0 3 ) TSD, pH=13. 0 X&tt&ft ■? b<DX& V 
, (2) teu (C oO) o. 5 (N i O) o. s ' 1 • 1 2 5 (F e 2 0 3 ) , pH 
20 =13. 3(D<b(DXfo2>o f^fr^, (1) H *pMl.Co-Ni- 
Zn^Wl7x'JlfiM ; f©t)©T$0 > (2) tt, t£3fe(DCo- 
N i^Xk"^Jl/f7iUltt»1 i ©fcCD-e^5„ Z\(DM%M,ZL. (2) 

25 -N i^<D7,\L^)Vy^^ h (2) itlft#^£nxV^I<?: 
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ifit>fr&, ZtlfoMlsT* *MMM\ZT£.f$.Vfz (1) ©Co-Ni-Zn 

&>±& *mmmm\z&^T\z. (coo) x (nio) 

5 y -2/n (F e 2 0 3 ) T'S$n§ C o - N i lXWJH7x Ultt» 
<DN i OCD — BU^rZ nOTillt, ±.x£.L>ft%8.tfc,(D C o — N i -Z n^X 

1. 6tet>&0, £7c, ^?0M^iabT«, »Co-Ni7x7-fh 

(HJSfll 5 ) 

*)\<m7^vm\<±wm.^\t, m.j&a (coo) 0 . 5 _ x (nio) 0 . 5 czno 

15 ) x -n/2 (Fe 2 0 3 ) \Z$5^T. Fet (Co+Ni+Zn) t<D^EJVit 
TfeSn = Fe/ (Co+Ni+Zn) ©M, 2. 0<n<3. OT^O 

, o<x<o. 5-efe§„ 

M^©N i Otf)-SG£Z nO\ZWWilstz7,\L*)Vm7^Vm&miL : T\Z~D 
20 V>Tl&HJL<7c:^\ ^S^^Tte, y To J tCB^U CoOO-g 

&£^n^n^t?#zk^?££, M5£ (CoO) o. 5 _ x (NiO) o. 5 (Zn 
O) x -n/2 (Fe 2 0 3 ) Kl&ViT, x<£>#£, 0<x<0. 5 \Z, Fet 
25 (Co+Ni+Zn) £(D : E)lltT*$>Z> n = F e / (Co+Ni+Zn) CD 
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2. 0<n<3. OiztaZJ:?. m&VTM&7kmWi£'?ZJ:mh. 
5 M12. O^pH^U. 0iC^bT^gt^fr-5o ±f3I@(DI¥ 

10 (H^J6) 

7x'J8ttftS?H &£&5£ (CoO) o. 5 _ x (N i O) 0 . 5 _ y (Z nO) x 
+ y -n/2 (Fe 2 0 3 ) fccfeUT, Fet (Co+Ni+Zn) t.<0^:)V\t 
Tr^5n = Fe/ (Co+Ni+Zn) 2. 0<n<3. 0 T?$> D 

15 , 0^x<0. 5, 0^y<0. 5, 0<x + y<0. 5, Tr&3„ 

•ffrtt. ±mmmM-Vfo, «0Co-NiiXWl7i'J» 
CON i CX fo&Wt, C o CHD^-ftlfr— 7j<D— gg£Z nOKlg&L7cXfc! 

20 fit, -tO^^fett, £t 3A*;UK — y6r)W M»07K"5TJStt^« 

m£^n-etr&tr#3Kj&SK£» i£j£5£ (CoO) 0 . 5 - x (n i o) 0 . 5 _ y ( 

Z nO) x+y • n/2 (F e 2 O s ) fcl&^T, n = Fe/ (Co+Ni+Z 
n) (=E)Vtt) <D&&. 2. 0<n<3. 0 3:7c, ±13 x, y Offi^ 
0^x<0. 5, 0^y<0. 5. 0<x + y<0. 5, Simp, fl 
25 ^bTS^*»«tt^Ilt, S^7fc»*fc7 , ;i'*'J*flS**jDA, pH 
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. mm. 53a, ftja-rsnttc.fcoi&^^'rsxst, ^e>^o 

. ^tt^fT-5XgtCT, PHM12. O^pH^H. OtltbtM 
*fr"5. ±gIS©iSBtt, ii&bfcH^Ji £mMT*&2>(D-C * 

£<Dcfc?&mj&-Tr&^Tt>> italic:, Tab 
(H»J7) 

io ^mmnmrnm iz-D^xwim-tz. ^MMMiz&n zx^^jim 

T&CU C o-N i -Mn^k , ^VS7x'JlttTO^. -rfcfc^ fi£ 
515© C o-N i %X¥*)im-7 ^Vm&n<DN i O^CoO0-|S«MnO 

15 Mfc&)f3iffi.miZ. ffi-fitft (CoO) o. s _ x (N i O) o. s _ y (MnO) x + y 
• n/2 (F e 2 0 3 ) i^&^T, Fet (C o + N i +Mn) £©^;WfcT 
g5n = Fe/'(Co+Ni+Zn) 2. 0<n<3. 0 

0^x<0. 5, 0^y<0. 5> 0<x + y<0. 5, TabS, f LT, 

20 ® 1 0 1 2 fcl, ±ISx, y, n £<b^fci, ^tt^(DpH©M 

£S*©fifcf£j£bT\ ±!2iBUfc3t®C o-N i -MniZk^;i/i7i'J 
att^^^bfeNF©Mm#tt^^-rc 73:^3. ^5**7*-^ tt, x = 0 
TfHJfc b fc®£-© %> <£>T*& S „ 

25 *^t!^;va73:U«tt»te:tb^T««**J*Sfc:*^. ±i£bfcz 
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o tot, mm.&&fimn. mzm^mmmmmzm^z>z\£\zii?mT*&z> 

o 

5 MM±<Dmm*Jm& 

mmm&mizfo^zi^vwwi&^i'tzfcti. m^izmm.wm<D^m^u 
^$5. tot, Mmzmmm&tvTmmTzztizfrmT'&Q. mm 

10 ^jtcz>£5tft;> ief2^^^b;^E§^t^-e^^o 
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it 3c <d m m 

1 . tt&&m<D®.&c.7$.-tfi (C o O) o. s _ x (N i O) o. 5 _ y (MO) x + y • n 
/2 (Fe 2 0 3 ) (Mte, CoR^Ni^i<, 2«CD^P) T*Sn 

, n = Fe/ (Co+Ni+Zn) (^E;l/J£) * tf*;UM:7x: 

7< hcoib^S^* (n = 2) ckO^:^<<b#*^«©l. 5fg*^T 
&&2. 0<n<3. OT'foQ. 

huIBx, y©<S£^ 0^x<0. 5, 0^y<0. 5, 0<x+y<0 

2. MfBMfr\ Zn, Mn^^l(fn§Vifn^-l©ilTfe-5, £££ 
#^<h-r^>lf^<Dt5fflm 1 5tf3*4<£>;* x. Ui&'l» 0 

3. SufBn^ft^ 2. 2<n<2. 8TfeD, 

fijfBx, y©I^ 0^x<0. 2, 0^y<0. 2> 0. 0 1<x + 

^O, Si7lf^M7x'Jltl&(:^f$n^^«ttW2li% 

^tt?& ^ t £#i££-r §§if ^©ish^ i x« 2 mzm<Dx \f.*)v 

4. §1^2 3 9-6 3 7 [kA/m] / ggftU&fc^ 5 0 . 3X10" 6 - 
8 8. 0 X 1 G" 6 [Wb - in/kg] , <hT£ffii;&© 

ibb jg i e> 3 mmmvx ^jimy^. u i&-i4i& 0 

MfBx, y, n ©^#^#1^^: "5 Kl^LTZi£-7j<^ 
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14. o\zmmvx^^mm^^>j:mt, 

6. !TE^tt4Sl^W«KS»SXS**, PHM13. 0<pH<13. 7 H 
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FeCI 3 • 6H 2 0 



C0CI2 • 6H 2 o 



4 



NiCI 2 ■ 6H2O 



ZnCI 2 



(0 < y<0.5 , 2.0 < n <3.0) 



±t)5fc (pH= 12.7-13.3) 



( 100TC-C2BfHI) 



v 



$z*i (80°Cri2Btr4) 



•SI 



N a OH 



S2 



•S3 



•S4 



■S5 



•S6 
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CM 



CD 



>% 
■+- 
x 



lo 



LO 



LTD 



LO 



LO 



LO 



O E= 

<x> 



JLJ 



LO 
CSJ 



LO 
CVJ 

csi 



LO 
CSJ 



LO 



LO 
CSJ 



LO 
CSJ 



K I 



a 



CO 



CO 



CO 



CO 



CO 



CO 
CO 



t KG, 

rs ♦ 



CVJ 

r^j 



+ 

CM 



b«6 



+ 

CM 



CO 



CSJ 



CSJ 



CSJ 



CVJ 



CSJ 



CSJ 



+ 

CO 



LO 
CSI 



CM 
I 



LO 
CSJ 
CVJ 



CSI 

I 

CM 



LO 
CSJ 



CO 



CS] 



LO 
I — 
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CM 



LO 
CSJ 



CVJ 



CO 



LO 
CSJ 



CO 

I 

CO 
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<*IES^ H c J 
(kA/m) 


Ml&teff s 
(Wb-m/kg) 


Ek^Mfco r 
(Wb-m/kg) 


1 -2 


372.0 


62. 0X10" 6 


36. 6X10" 6 


2-2 


330.4 


61. 9X10" 6 


36. 6 X 1 0 -7 


2 — 3 


372.0 


62. 0X10' 6 


36. 6X10" 6 


2 — 4 


425.8 


43. 3X10 6 


19. 5X10" 6 


3-2 


372.6 


62. 0X10" 6 


36. 6X10" 6 


3-3 


372.9 


62. 8X10" 6 


37. 0X10 -6 
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mem 
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61 



y =0.05 
pH=13.0 




6.0 




5.0 




4.0 


Id 


3.0 


g 

— > 

u 


2.0 




1.0 




0 





2.25 2.5 2.75 
n {=Fe 3+ /(Co 2+ +Ni 2+ +Zn 2+ )} 
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ifn om 



F e 
/(Col 
N i + 
M n) 




MnO 


H c J 


tmuito s 




n) 




Cx+y) 


IkA/m) 


(Wb-m/kg) 


(Wb-m/kg) 


9 9G 
C. CD 


19 0 


ft nc 
U. Ub 


529.2 


55.9 x 1 0" 6 


30.7 xlO" 6 


9 9G 


lo. 0 


U. U/b 


561.9 


52.7 X10" 6 


28.1 X10" 6 


9 9R 
L. CD 


19 9 
1 O. 0 


A 1 


567.5 


55.5 x 1 0~ 6 


30.2 x 10" 6 


9 9C 
c. CD 


19 9 

lo. O 


n 1 on 
U. I CD 


589.7 


55.5 x 1 0 -6 


30.2 X10 -6 


9 9G 


19 Q 
lO. O 


U. lb 


566.6 


55.3 x 1 0" 6 


29.9 x 10" 6 


2 25 


13 3 


0 175 


RR9 n 


Oo.U X i o 


32.2 X 10 


2. 25 


13. 3 


0.2 


496.7 


61.8 X10" 6 


34.9 X10" 6 


2. 25 


13.3 


0.3 


356.6 


66.0 x 1 0" 6 


36.4 xlO" 6 


2. 25 


13. 0 


0. 05 


461.4 


52.3 xlO" 6 


29.5 X10" 6 


2. 25 


13. 0 


0. 1 


432.9 


56.1 X10" 6 


31.7 X10" 6 


2. 25 


13. 0 


0. 2 


371.7 


59.5 X10" 6 


33.3 x 10" 6 


2. 25 


13. 0 


0. 3 


247.5 


64.1 X10" 6 


34.6 X10" 6 
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mi 1 m 



F e 
/(C oi 
N i + 
Mn) 

n) 


n HliS 
\ M n / 


MnO 

\ATyj 


H c J 
IKA/mJ 


$&mm<to s 

IWb • m/kg) 


(Wb-m/kg) 


2 5 


13 3 


U. UO 


000.0 


45.4 x 10 


21.8 X10" 6 


2 5 




n 1 

U. 1 


Ool.O 


i r A . ft 

45.0 x 1 0 


20.6 xio" 6 


2.5 


13. 3 


0. 2 


530.1 


45.4 x 1 0~ 6 


£.U.*f A |{J 


2.5 


13. 3 


0. 3 


415.1 


57.6 X10 -6 


28.5 X10" 6 


2.5 


13. 3 


0.4 


247.8 


66.1 xlO" 6 


33.9 xlO" 6 


2.5 


13.0 


0. 05 


555.2 


40.7 X10~ 6 


19.4 X10~ 6 


2.5 


13. 0 


0. 1 


527.1 


46.8 X10" 6 


23.9 X10" 6 


2.5 


13. 0 


0.2 


437.0 


54.0 X10" 6 


28.4 XIO" 6 


2.5 


13. 0 


0.3 


282.2 


60.5 X10~ 6 


31.5 X10~ 6 


2. 25 


13. 0 


0.4 


208.7 


62.7 X10" 6 


30.9 xlO -6 
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F e 
/(C o + 
N i + 
M n) 

n) 


■J —<7) 

p Hfii 

(pH) 


MnO 

(x+y) 


H c J 
(kA/m) 


w&mito s 

(Wb-m/kg) 


Ek&Miko r 
(Wb-m/kg) 


2. 75 


13.3 


0. 05 


501.8 


39.4 x 10" 6 


35.3 X10" 6 


2. 75 


13-3 


0. 1 


513.8 


38.9 xiO" 6 


41.6 X10" 6 


2. 75 


13. 3 


0.2 


498.0 


39.7 X10" 6 


47.0 X10" 6 


2. 75 


13.3 


0.3 


476.2 


49.6 X10" 6 


50.3 X10" 6 


2. 75 


13.3 


0.4 


339.1 


54.8 x10" 6 


57.9 X10" 6 


2. 75 


13.0 


0. 05 


503.6 


35.3 X10" 6 


13.8 X10" 6 


2. 75 


13.0 


0. 1 


516.5 


41.6 X10" 6 


19.1 X10" 6 


2. 75 


13.0 


0.2 


454.9 


47.0 xiO -6 


22.2 xiO" 6 


2. 75 


13.0 


0.3 


398.3 


50.3 x 10 -6 


23.9 X10" 6 


2. 75 


13.0 


0.4 


235.4 


57.9 x10" 6 


27.5 X10" 6 
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